The stability of pathogenic bacteria from laboratory animals was investigated in various transport media at different temperatures. Bordetella bronchiseptica and Salmonella typhimurium survived for 8 days in phosphate-buffered saline (PBS, pH 7, 0) at 37, 24, 4 and -20°C; Brucella canis at 24, 4 and -20°C; Corynebacterium kutscheri at 4 and -20°C; and Pseudomonas aeruginosa at all but -20°C. A marked decrease in numbers of Pasteurella multocida and Past. pneumotropica was observed in PBS at all temperatures. Skimmed milk in PBS improved the survival of Pasteurella spp. and Ps.
Summary
The stability of pathogenic bacteria from laboratory animals was investigated in various transport media at different temperatures. Bordetella bronchiseptica and Salmonella typhimurium survived for 8 days in phosphate-buffered saline (PBS, pH 7, 0) at 37, 24, 4 and -20°C; Brucella canis at 24, 4 and -20°C; Corynebacterium kutscheri at 4 and -20°C; and Pseudomonas aeruginosa at all but -20°C. A marked decrease in numbers of Pasteurella multocida and Past. pneumotropica was observed in PBS at all temperatures. Skimmed milk in PBS improved the survival of Pasteurella spp. and Ps.
aerug;nosa at -20°C. Neither glycerin, ascorbic acid nor sodium thioglycollate improved survival. The numbers of viable B. canis, Ps. aeruginosa and S. typhimurium were maintained in blood or faecal specimens held for 8 days at 4°C. These results indicated that transport in PBS at 4°C was the only method satisfactory for all species of pathogenic organisms tested, but Pasteurella spp. were the most difficult to maintain.
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Direct isolation of pathogenic organisms is still probably the most practical way to diagnose bacterial infections of laboratory animals. Specimens for bacterial culture may have to be sent to distant diagnostic laboratories, so stability Received 20 April 1990; accepted 21 November 1990 of bacteria in transport media is important. In the present study, phosphate-buffered saline (PBS) was employed as a simple basic transport medium that is neither selective nor toxic for aerobic bacteria, and can be prepared easily in the laboratory. The authors examined changes in the number of viable pathogenic bacteria isolated from laboratory animals and held in various transport media, based on PBS, at different temperatures. Stability of pathogenic bacteria in blood or faecal emulsion was also examined as these are often sampled for diagnosis of infection.
Materials and methods

Organisms
The following 7 organisms, isolated from lesions of laboratory animals in Japan, were used: Bordetella bronchiseptica YOM from a pulmonary lesion of a guineapig (Nakagawa et al., 1969) , Brucella canis RM6/66 from the blood of an aborted dog (Terakado et al., 1978) , Corynebacterium kutscheri CK-l from a skin abscess of a rat (Yokoiyama et al., 1977) , Pasteurella multocida F27 from the nasal discharge of a rabbit, Past. pneumotropica MaM from a tonsillar swab of a mouse (Saito et al., 1981) , Pseudomonas aeruginosa No. 15 from the faeces of a mouse (Vrano & Maejima, 1978) , and Salmonella typhimurium EC-6 from the faeces of a dog. C. kutscheri, Bord. bronchiseptica and Pasteurella spp. were within 6 generations of original isolation; the other 3 types of organism came from stock cultures with an unrecorded number of subcultures since isolation. 
Transport media
Phosphate-buffered saline (PBS, pH 7, 0) was used as the basic medium. PBS containing either 10070glycerin, O' 5% ascorbic acid, 0'15% sodium thioglycolate (Cary & Blair, 1964) , or 3% skimmed milk with 5% glucose were used for the organisms that decreased in number in PBS alone.
Stability test
All 7 species of bacteria were cultured in tryptic soy broth (Difco, Detroit, USA) at 37°C. Overnight broth cultures containing approximately 10 9 -IO IO !ml organisms were prepared and O' 1 ml was inoculated into 10 ml of the various transport media, and stored at 37, 24, 4 or -20°C. In addition, some organisms were inoculated into heparinized dog blood or into mouse or dog 10% faecal emulsion in PBS, and incubated at similar temperatures.
Thereafter, viable numbers of organisms in the media were enumerated periodically on both heart infusion agar and tryptic soy agar (Eiken, Tokyo, Japan) after serial dilution. Faecal emulsion inoculated with Ps. aeruginosa and S. typhimurium were cultured on the selective media, NAC agar and SS agar (Eiken), respectively. decreased rapidly at -20°C. Past. multocida and Past. pneumotropica decreased in number in PBS at all temperatures. The organisms that decreased in number in PBS were tested for survival in PBS containing various additives after 8-days at different temperatures (Table 2) . Past. multocida, Past. pneumotropica and Ps. aeruginosa were more stable at -20°C in PBS containing 30/0 skimmed milk and 5% glucose than in PBS alone, but PBS supplemented with ascorbic acid, sodium thioglycolate, or glycerin did not improve survival; indeed. ascorbic acid caused a severe reduction in viable numbers of all bacteria tested.
Results
The population of Br. canis in dog blood, Ps. aeruginosa in mouse faecal emulsion and S. typhimurium in dog faecal emulsion are shown in Table 3 . No significant changes were seen in the viable number of organisms in the blood and faecal emulsions after 8 days at 4°C, whereas growth was observed at 24 and 37°C. Ps. aeruginosa and S. typhimurium declined at -20°C in the faecal emulsion.
Discussion
Results indicated that PBS without additives and kept at 4°C was the most useful transport medium. Similar observations have been reported by Ross et al. (1982) and Cumming and Ross (1979) , who found that swabs held in saline yielded better than those in more complex commercial transport media in the recovery of pathogenic organisms from the upper respiratory tract.
Survival of Past. multocida and Past. pneumotropica was poor in PBS at all temperatures tested, and Ps. aeruginosa was killed rapidly in PBS at -20°C. These organisms, however, were more stable at -20°C in PBS with skimmed milk and glucose, which may also prove to be a useful transport medium at -20°C for other organisms. Many freezing and freeze-drying preservation media contain proteins such as skimmed milk and inactivated serum which playa major role in protecting organisms from damage caused by freezing/thawing and drying. However, the reducing agent, ascorbic acid, was ineffective in maintaining the pathogens for 8 days, although it is a component of air-drying preservation medium. Glycerin and sodium thioglycolate were not helpful although the latter may be useful for Enterobacteriaceae, since Cary & Blair's transport medium contains sodium thioglycolate (Cary & Blair, 1964) .
Blood and faeces were often sampled to aid diagnosis of infectious diseases of laboratory animals and are natural media for bacteria. Br. canis survived as well in blood as in PBS for 8 days at 4 and -20°C, and similarly Ps. aeruginosa and S. typhimurium at 4°C in faecal emulsions. Warmer temperatures encouraged growth, with increases of 102-103-fold. However, blood and faeces will support the growth of many organisms that may overgrow and make the recovery of pathogenic organisms difficult.
4°C storage in PBS was suitable for transport of all species of organisms tested, although Pasteurella spp. survived better at 37°C. A temperature of -20°C also seemed to be suitable for maintaining the populations of most species except for Ps. aeruginosa in both PBS and in faecal emulsion, and S. typhimurium in faecal emulsion. The findings suggested that samples for bacterial culture in the diagnosis of laboratory animal diseases should be transported in a refrigerated condition in PBS alone or frozen in PBS supplemented with skimmed milk and glucose.
